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To all whom it may concern: 
Be it known that I, ERWIN R. STOEKLE, a 

citizen of the United States, residing at 

10 

Milwaukee, in the county of Milwaukee and 
State of Wisconsin, have invented new and useful Improvements in Regulators for Al 
ternating Currents, of which the following 
is a full, clear, concise, and exact descrip 
tion, reference being had to the accompany ing drawing, forming a part of this speci 
fication. . 
This invention relates to means for regul 

lating alternating current circuits. 
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More particularly the invention relates to that class of electromagnetic regulators de: 
signed to curtail the required number of 
switches and other moving parts and to pro 
vide for regulation through a wide range 
in response to relatively small variations of 
current in a control circuit, 
According to the present invention, it is, 

proposed to include in the controlled cir cuit a coil of a transformer; to provide a 
magnetic shunt for the transformer and to vary the permeability of such magnetic 
shunt, by independent magnetization there 
of, for variation of the mutual inductance 
of the transformer coils. . 
rimary coil of the transformer is included 

in the controlled circuit to provide an im 
pedance therefor variable by yariation of 
the permeability of the magnetic shunt but 
the invention also contemplates alternative 
use of the transformer to supply current 

35 to the controlled circuit and regulation of 
the transformer action by variation of the permeability of the magnetic shunt. Also, 
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according to the present invention, it is pro 
posed to so arrange the exciting means for 
the transformer shunt as to render negligible 
the induced electromotive forces in said 
means due to the magnetic fluxes of the 
transformer coils. . 

Regulators embodying the invention may 
also assume various different forms, certain 
of which are illustrated in the accompany 
ing drawing now to be described. 
i. the drawing, Figure.1 shows in perspective a regulator 

for single phase circuits and one particu 
larly designed for use of the primary coil as 
an impedance for the controlled circuit, a 
portion of the frame being broken away to 

phase circuits; and, 

Preferably the 

more fully disclose the windings on the mag 
netic shunt. Fig. 2 shows in perspective a modified 
form.9f regulator for single phase circuits 
and discloses the use thereof E. supplying 
current to the controlled circuit. Fig. 8 shows in perspective another modi 
fication of the regulator suitable for single 
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Fig. 4 shows in perspective a regulator 
suitable for three phase circuits. Referring to the regulator shown in Fig. 
1, the same comprises a primary transformer 
coil 1, secondary transformer coils 2 and 3 
and exciting coils 4 and 5. These coils are 
mounted upon a unitary magnetic frame 6 
formed of laminations. The frame 6 has 
parallel end members 7 and 8 forming cores 
for the coils 1 and 2 respectively and inter 
mediate members 9 and 10 forming cores 
for the exciting coils 4 and 5 respectively 
and jointly forming a core for the coil 3. 
The cores 9 and 10 are arranged in a sym 
metrical relation with respect to the cores 7 and 8 and provide like magnetic shunts for 
the fluxes threading the primary and sec 
ondary coils 1 and 2. Also, the cores 9 and 
10 are connected at their extremities by cross 
members 11 and 12 to provide a closed mag 
netic circuit for the exciting coils external 
to the common magnetic circuit of the pri 
mary and secondary coils 1 and 2. 
The primary coil 1 is connected in the con 

trolled circuit 7,2, while the secondary coil 
2 is connected in a closed loop including 
a resistance r, the secondary coil 3 being 
short-circuited. On the other hand, the coils 
4 and 5 are independently excited as from 
a direct current source (, l, said coils being 
connected in series and variable in the de 
gree of excitation thereof as by a rheostat 
R. Further, the coils 4 and 5 are arranged to have opposite polarities whereby they 
produce magnetic fluxes traversing the cores 
9 and 10 in opposite directions. Thus the 
magnetic flux induced by the exciting coils 
will traverse the path indicated by dotted 
lines and hence be confined to the local mag 
netic circuit provided by the cores 9 and 
10 and their connecting members. Also, 
since the shunt magnetic flux induced by the 
transformer coils threads the exciting coils 
in the same direction the arrangement of 
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the latter coils for opposed D.C. polarities 
will insure opposition of the A. C. electro 
motive forces induced therein and conse 
quently a negligible resultant of such forces. Thus assiming zero excitation of the 
coils 4 and 5 and consequent maximum 
permeability of the shunt cores 9 and 10 a 
portion of the A.C. flux induced by the primary coil will be shunted to thread the Secondary coil 3. And this shunted flux will 
excite coil 3, causing the same to induce a fuxtending to demagnetize the core . of 
the coil 1 and hence decreasing the in 
pedance value of the latter coil. Sn the other hand, assuming excitation of the coils 
4 and 5, the magnetic flux induced thereby 
will reduce the permeability of the cores 
9 and 10 thereby reducing the amount of A. 
C. flux shunted through said cores, or in 
other words, forcing more of the flux in 
duced by the primary winding to thread 
the coil 2, the induced current of which 
must traverse the resistance r. This ac: cordingly reduces the demagnetizing effect 
of the secondary coils 2 and 3, jointly con 
sidered, and thereby causes an increase in the impedance value of the primary coii. 
Thus by varying the degree of excitation 
of the coils 4 and 5, the demagnetizing ef 
fect of the secondary coils 2 and 8 may 
be varied to correspondingly regulate the 
impedance value of the coil 1. 

Fig. 2 shows a structure differing from 
that shown in Fig. 1 only in the omission of 
the secondary coil 3 and the shifting of the 
cores 9 and 10 from a position between the 
transformer coils to a position on the op 
posite side of the primary coil. Accord 
ingly should the secondary coil 3 be added 
to this structure the latter might be used 
in the same way as shown in Fig. 1, while 
on the other hand, it will be apparent that 
removal of the coil 3 front the structure 
shown in Fig. 1 would enable use of the de 
vice in a way now to be described. 

In this instance the primary coil 1 is 
connected to an A. C. Supply circuit Li, L, 
while the secondary coil 2 is utilized to sup 
ply current to the controlled circuit , i. 
the exciting coils 4 and 5 being connected 
to a D. C. circuit l', li through a rheostat 
R, as in Fig. 1. Thus assuming zero ex 
citation of the coils 4 and 5, a given por 
tion of the induced A. C. flux will be 
shunted from the common magnetic circuit 
of the coils 1 and 2, with the result of cur 
tailing the excitation of the secondary coil 
2 and hence the current supplied to the con 
trolled circuit. On the other hand, excita 
tion of the coils 4 and 5, with a consequent 
decrease in the permeability of the shunt 
cores 9 and 10, will curtail the amount of 
shunted flux, or in other words, force more 
of the primary flux to thread the secondary 

65 coil with the result of increasing the E.M.F. 
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induced in the latter coil and the current 
supplied to the controlled circuit. 

Fig. 3 shows a shell type of transformer regulator having similar primary and 
secondary coils 1 and 2 respectively and ex 
citing coils 4 and 5. in this instance, how 
ever, a magnetic frame 13 is provided hav. 
ing a common core 14 for the primary and 
secondary coils and cores 15 and 16 for the 
exciting coils extending in opposite direc 
tions from the core 14 and positioned be 
tween the coils 1 and 2. The cores 15 and 
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16 thus provide magnetic shunts for the 
induced A. C. flux and as will be apparent, 
such flux traverses the cores in opposite 
directions. Accordingly by arranging the 
exciting coils 4 and 5 for like D. g polari 
ties thereof instead of opposed D.C. polari 
ties, as in the regulators previously de 
scribed, the A. C. electromotive forces in 
duced therein will be mutually opposed and 
therefore give a negligible resultant. The 
D. C. flux will then traverse both the cores 
15 and 16 and the frame 13 as indicated by 
dotted lines, but, due to . the relatively 
greater cross sectional area of the frame, 
the effect of such D. C. flux on the trans 
former coils will be negligible. Thus the 
regulator will function in the same manner 
as the regulator shown in Fig. 2. 

Fig. 4 shows a regulator having three 
primary coils -1,1,1, three secondary coils 
2, 2, 2° and a single exciting coil 17. The 
primary and secondary coils 1, 2 are 
mounted upon a common core 18, while the 
remaining primary and secondary coils are 
correspondingly mounted on common cores 
19 and 20, said cores being secured to and 
connected by Y-shaped magnetic end mem 
bers 21 and 22 for symmetrical distribution 
thereof about a core 23. The core 23 has 
mounted thereon the exciting coil 17 and is 
supported by and between the end member 
22 and a Y-shaped magnetic member 24 
fixed to the cores 18, 19 and 20 at points 
between the primary and secondary coils. 
Also, as shown, short-circuited coils 3, 3 
and 3 may be mounted upon the member 
24, but it is to be understood - that these 
coils may be omitted. - 
The member 24 forms a magnetic shunt 

for each pair of transformer coils through 
the core of the exciting coil and assuming 
equal phase displacement of the magnetic 
fluxes induced by the three sets of trans 
former coils, the resultant of these fluxes in 
the core 23 of the exciting coil will be negli gible. 
shunted from all sets of the transformer 
coils traverse the core 23, the exciting coil 
17, by varying the permeability of said core, 
provides for regulation of the mutual in 
ductance of the primary and secondary 
coils. And although in this instance the flux 
of the exciting coils threads the primary 

On the other hand, since the fluxes 
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transformer coils, the cores 18, 19 and 20 
are of such relatively greater cross sec 
tional area than the corresponding arms of 
member 24 as to render the effect of the D. 
C. flux upon Said cores negligible. 
Thus the regulator, exclusive of the coils 

3,3 and 3 may be used with the primary 
coils connected in different phases of a three 
phase supply circuit and its secondary coils. 
connected in different phases of a three phase 
controlled circuit, to regulate the latter cir 
cuit in the manner described in connection 
with Fig. 2. Or the regulator, inclusive of 
the coils 3, 3 and 3° may be used with its 
primary coils connected in different phases 
of a three phase controlled circuit and its 
secondary coils 2, 2 and 2° each connected 
across a resistance, to regulate the controlled 
circuit in the manner described in connec 
tion with Fig. 1. 
In the regulators illustrated in Figs. 1 to 

3 inclusive the exciting coils may, if de 
sired, be wound in a number of sections, 
each section on one core being connected in 
series with a section on the other core, there 
by curtailing the voltage induced in the 
individual exciting coils. Also, various 
other modifications may be made in the 
structures illustrated without departing 
from the invention as defined in the ap 
pended claims. , 
What I claim as new and desire to secure 

by Letters Patent is: - 1. In a regulator for alternating current 
circuits, in combination, a transformer hay ing a plurality of cores forming magnetic 
shunts, of a plurality of exciting coils each 
arranged on one of said cores to independ 
ently magnetize the Same and thereby vary 
the permeability thereof for a change in 
the mutual inductance of the coils of said 
transformer, said exciting coils having rela 
tive polarities insuring a negligible resultant 
alternating current therein. 

2. In a regulator for alternating current 
circuits, in combination, a transformer hav ing a plurality of cores forming magnetic 
shunts therefor, said cores being connected 
to provide a local magnetic circuit, of ex 
citing coils mounted on said cores and hav ing opposed polarities whereby their mag 
netic fluxes traverse said local magnetic cir 
cuit and whereby said exciting coils insure a 
negligible resultant alternating current 
therein, said exciting coils when energized 
serving to reduce the permeability of said 
cores to vary the mutual inductance of the 
coils of said transformer. 3. In a regulator for alternating current 
circuits, in combination, a transformer hav ing a primary coil, a secondary coil con 
nected across a resistance and a magnetic 
frame for said coils providing a magnetic 
shunt, of electromagnetic means to inde 
pendently magnetize a portion of said frame 

for control of the number of magnetic lines 
of force induced by said transformer coils 
which traverse said shunt and consequent 
variation of the impedance value of said 
primary coil. 

4. In a regulator for alternating current 
circuits, in combination, a transformer hav 
ing a primary coil, a plurality of secondary 
coils having separate closed circuits of a 
given relative resistance value and a mag 
netic frame provided with cores for all of 
said coils, of electromagnetic means for in 
dependently magnetizing a portion of said 
frame to vary the relative number of lines 
of force induced by said coils which traverse 
the cores of said secondary coils. 

5. In a regulator for alternating current 
circuits, in combination, a transformer hav ing a primary coil, a plurality of secondary 
coils having separate closed circuits of a 
given relative resistance value and a mag 
netic frame provided with cores for all of 
said coils, of electromagnetic means for in 
dependently magnetizing a portion of said 
frame to vary the relative number of lines 
of force induced by said coils which traverse 
the cores of said secondary coils, said elec 
tromagnetic means being arranged to insure 
a negligible alternating current therein. 

6. In combination, an alternating current 
circuit, a transformer having its primary 
winding included in said circuit to provide 
an impedance therefor, a magnetic shunt for 
the coils of said transformer and means to 
effect variation of the number of magnetic 
lines of force induced by said coils which 
traverse said magnetic shunt, to thereby 
vary the impedance value of said primary 
coil. 

7. The combination with an alternating 
current circuit, a transformer having its 
primary coil included in said circuit to pro 
vide an impedance therefor, a closed second 
ary circuit for said transformer including 
a resistance, a magnetic shunt for the coils 
of said transformer and means to inde 
pendently magnetize a part of the magnetic 
circuit of said coils to vary the number of 
magnetic lines of force induced thereby 
which traverse said magnetic shunt. 

8. In combination, an alternating current 
circuit, an inductive coil included therein to 
provide an impedance therefor, a plurality 
of coils arranged in an inductive relation 
therewith and having independent closed 
circuits bearing a definite relation of re 
sistance values and means for varying the 
permeability of a magnetic core of the 
latter coils for variation of the mutual in 
ductance of the primary and secondary coils 
and consequent variation of the impedance 
value of said primary coil. 
In witness whereof, I have hereunto sub 

scribed my name. 
ERWIN R. STOEKLE. 

8 

70 

75 

80 

85 

9) 

95 

03 

08 

110 

20 

125 


